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Computer networks are often designed with multiple servers to increase 
network reliability. Those skilled in the art will recognize that server redundancy 
decreases the disruption felt by the network when one or more servers fail. When 
failure does occur, client queries can be redirected to alternate servers capable of 
5 handling the queries. 

Many networks today employ an asynchronous transfer mode (ATM) 
scheme for network communication. ATM networks are particularly useful in 
today's multi-vendor environment where applications have different performance, 
quality, and business requirements, but which utilize the same computer, 
10 multiplexer, router, switch, and/or network. 

Routing of queries in an ATM network is based on virtual circuit routing. 
A virtual circuit is a circuit that appears to the client and to the server to be a 
dedicated point-to-point circuit. An ATM network must establish a path from the 
client to the server (i.e., the virtual circuit) before client / server communication 

15 can begin. The ATM network establishes a virtual circuit after receiving a 

request for connection from a client. The request for connection includes an 
address which identifies the desired server to the ATM network. Through a 
private network-to-network interface (PNNI) routing process, the ATM network 
selects the best path through the network from the requesting client to the desired 

20 server. These conventional ATM routing techniques are well known to those 

skilled in the art. 

Conventional ATM routing performs poorly where the desired server has 
failed or is otherwise unavailable. Queries must be routed to a new server 
capable of handling the query. Some clients may not be capable of selecting a 
25 new server-these clients may not have their queries answered. Other clients may 

be capable of selecting a new server, but doing so requires additional time and the 
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client must maintain a list of all currently available servers and their addresses. 
What is needed, therefore, is a system and method for establishing a virtual circuit 
in an ATM network to any one of a set of suitable servers without the client 
having to know either the status or address of suitable servers. 

Summary of the Invention 

The present invention is directed to a system and method for establishing 
a virtual circuit from a client through an ATM network to a server, where the 
server is selected from a group of servers. The client requesting the virtual circuit 
need not know the individual address of any of the servers in the group, only the 
address of the group itself. Selection of a particular server is transparent to the 
client-the ATM network is responsible for selecting a server from the group 
identified by the client. 

One advantage of the present invention is that clients are not responsible 
for selecting an alternate server in the event of server failure. According to the 
present invention, routing decisions are made at the network level rather than by 
the client. When a request for connection is received from a client, a virtual 
circuit is established between the client and a server from the selected functional 
group which is known to be operational. The client is therefore relieved of the 
responsibility of handling failed requests for connection. 

Another feature of the present invention is that connections to servers 
within a particular functional group may be distributed according to a desired 
criteria. In a preferred embodiment, connections may be distributed according to 
the processing load carried by each server in a functional group-servers receive 
requests for connection at a rate inversely proportional to their current processing 
load. This allows queries directed to a particular functional group to be 
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distributed to servers able to respond most quickly, thereby maximizing the 
performance of the ATM network. 

Yet another feature of the present invention is that the client need not 
know the address of each server in the ATM network. The client need only know 
the address of a functional group of servers. The addresses of individual servers 
within each functional group may therefore be modified without requiring that 
new addresses be stored at each client. 

Further features and advantages of the invention, as well as the structure 
and operation of various embodiments of the invention, are described in detail 
below with reference to the accompanying figures. In the drawings, like reference 
numbers generally indicate identical, functionally similar, and/or structurally 
similar elements. The drawing in which an element first appears is indicated by 
the leftmost digit(s) in the corresponding reference number. 

Brief Description of the Figures 

The present invention will be described with reference to the 
accompanying drawings, wherein: 

FIG. 1 is a block diagram of a network environment within which the 
present invention is used; 

FIG. 2 is a block diagram illustrating a network environment in more 
20 detail; 

FIG. 3 is a block diagram illustrating the software components of a 
multiple destination routing controller; 

FIG. 4 is a flowchart of the operation of a preferred embodiment of the 
invention; and 
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FIG. 5 is a block diagram of a computer system representing a preferred 
implementation of a multiple destination routing controller. 

Detailed Description of the Preferred Embodiments 

I. Overview of the Invention 

The present invention is directed to a system and method for establishing 
a virtual circuit in an ATM network. According to the present invention, a client 
transmits a request for a virtual circuit (i.e. , a request for connection) to an ATM 
network. The request specifies an address identifying a group of servers which 
are all capable of providing a desired function (i.e., a functional group). 

Upon receiving the request for connection, the network of the present 
invention selects a suitable server from the identified functional group. 
Importantly, the selection of a particular server is made at the network level, 
rather than by the client. The network then creates a virtual circuit connecting the 
client to the selected server. Communication between the client and server may 
then proceed according to standard ATM techniques. 

II. ATM Network Environment 

The present invention is suitable for operation in an ATM network 
environment. As is well known to those skilled in the art, ATM networks use 
various communication protocols, depending generally upon the type of devices 
which are communicating: network-to-network interface (NNI) signaling 
protocol is used between ATM switches, user-to-network interface (UNI) 
signaling protocol is used between clients/servers and the ATM network, and 
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private-network-to-network interface (PNNI) routing requests are used by ATM 
switches to determine proper routing for the virtual circuit. 

The present invention is described herein in the context of an ATM 
network environment. It should be understood, however, that the present 
5 invention is not limited to this environment. Those skilled in the art will 

recognize that the present invention can operate within other network 
environments following protocols similar to the ATM network protocol, such as 
a TCP/IP network protocol. 

FIG. 1 is a block diagram of an example network environment 100 
1 0 suitable for implementation of a preferred embodiment of the present invention. 

Network environment 100 includes an ATM network 102, clients 104 (indicated 
by reference numbers 104A through 104C), and servers 106 (indicated by 
references numbers 106A through 106C). Clients 104 and servers 106 
communicate bi-directionally with ATM network 102. This example network 
1 5 environment is now described. 

Clients 104 communicate with servers 106 via ATM network 102. 
According to the present invention, clients 104 and servers 106 interact in a 
conventional client/server relationship well known to those skilled in the art. 
However, ATM network 102 does not recognize a difference between clients 104 
20 and servers 106. ATM network 102 is concerned with the transmission of data, 

without regard to which system is the "client" and which is the "server". 
Consequently, clients 104 and servers 106 are so designated to indicate their 
relationship to each other, but are interchangeable so far as ATM network 102 is 
concerned. 



MCIRef: RIC-96-161 
SKGFRef: 1575.2470000 



-7- 



As is known to those skilled in the art, clients 104 may contact a server 
106 for many different purposes. Clients 104 and servers 106 may also be 
implemented in many different ways, so long as both are able to communicate via 
ATM network 102. For example, client 104 represents a travel agent's airplane 
reservation system, and server 106 represents a central booking computer. 
Alternatively, client 104 represents a point-of-sale cash register, and server 106 
represents a computer tasked with tracking inventory and sales. Alternatively 
still, client 104A represents a gas pump with a credit card reader, and server 106 
represents a credit checking computer. 

FIG. 2 is a more detailed illustration of network environment 100. ATM 
network 102 includes ATM switches 202 interconnected by communication 
pathways 204, and a multiple destination routing controller 206. 

ATM switch 202 in a preferred embodiment is a conventional ATM 
switch. Alternatively, ATM switches 202 can be implemented using any network 
elements that are compatible with ATM technology, including NNI signaling 
protocol and PNNI routing protocol. 

Communication pathways 204 represent bidirectional point-to-point 
channels between clients 104, servers 106, and ATM switches 202. 
Communication pathways 204 support UNI or NNI signaling protocol as 
appropriate. As is well known to those skilled in the art, communications 
between an ATM switch 202 and an end-user (i.e., a client or server) 
conventionally follow a UNI signaling protocol. Conversely, communications 
between ATM switches 202 conventionally follow a NNI signaling protocol. 
Communication pathway 204 therefore represents a bidirectional communication 
link which supports the signaling protocol appropriate to the devices connected 
to the link. 
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Multiple destination routing controller 206 is connected to the network of 
ATM switches 202 via one or more communication pathways 204. FIG. 2 depicts 
a single communication pathway 204 between multiple destination routing 
controller 206 and ATM switch 202C. However, those skilled in the art will 
recognize that multiple communication pathways 204 could be used to provide 
redundancy and enhanced network reliability. The operation of multiple 
destination routing controller 206 is described in detail below. 

III. Conventional ATM Routing 

Conventional ATM routing is now described in terms of a simple 
example. Referring to FIG. 1, assume in this example that client 104A is a gas 
pump with a credit card reader that wishes to ask server 106A "Is this credit card 
valid?" in response to customer's request to purchase gas with a credit card. 

Communications between clients and servers via ATM network 102 may 
be analogized to a telephone call. Before any client/server communication can 
take place, client 104A must establish a virtual circuit to server 106A. In terms 
of the telephone call analogy, client 104A calls server 106A and server 106A 
answers the call. In answering the call, server 106A accepts the incoming virtual 
circuit and a communication path is established over which client 104 A and 
server 106A can interact. Client 104A can now make the query "Is this credit 
card valid?" for example, and server 106A can answer the query. 

Those skilled in the art will recognize that any end-user device (e.g. , client 
or server) can request a virtual circuit to any destination. In the context of the 
current invention, however, most virtual circuit requests come from client 
systems. 
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With conventional ATM networks, clients 104 must know the ATM 
address of the server 106 with which they wish to connect. This characteristic is 
analogous to conventional telephony, wherein the calling party must know the 
telephone number of the called party. Further, no two end-users have the same 
ATM address. Servers and clients each have a unique ATM address. 
Accordingly, in order to request a virtual circuit between them, client 104 A 
specifies the ATM address of server 106A. 

According to conventional PNNI routing, ATM network 102 selects the 
best route through ATM network 102 for a virtual circuit from client 104A to 
server 106A. Referring to FIG. 2, one possible route from client 104A to server 
106A would be through ATM switches 202A and 202B. If, on the other hand, 
client 104A wanted to establish a virtual circuit to server 106B, then one possible 
route would be from client 104A to ATM switch 202A to ATM switch 202B to 
server 106B. Another route would be from client 104A to ATM switch 202A to 
ATM switch 202C and to server 106B. In either case, ATM network 102 uses 
the PNNI routing process to select the best route through ATM network 102 from 
client 104A to server 106A or to server 106B. 

Conventional PNNI routing procedures associate ATM switches into 
"peer groups" in order to create a routing hierarchy. Peer groups typically contain 
only a few ATM switches. Large ATM networks are constructed by combining 
peer groups together into larger peer groups. The PNNI routing protocol 
organizes the peer groups into a layered hierarchy. The use of peer groups 
organized into multiple hierarchical levels is well known to those skilled in the 
art, and will not be discussed in detail herein. 

According to conventional ATM technology, one ATM switch in each 
peer group is designated the "peer group leader." The peer group leader is 
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responsible for maintaining the topology of all ATM switches in its peer group. 
Additionally, the peer group leader also represents its peer group to higher layers 
in the routing hierarchy. If an ATM switch in a peer group receives a request for 
a virtual circuit and does not already know the correct route, the ATM switch asks 
5 the peer group leader to determine the route. 

Consider again the example described above wherein client 104A wishes 
to establish a virtual circuit to server 106A. Suppose that ATM switch 202C is 
the peer group leader for a peer group consisting of ATM switch 202 A, ATM 
switch 202B, and ATM switch 202C. Client 104A transmits to ATM switch 
10 202 A a request for connection with server 106A, including server 106A's ATM 

address. Suppose further that ATM switch 202A does not already know a route 
for a virtual circuit from client 104A to server 106A. ATM switch 202A asks 
peer group leader ATM switch 202C to determine a route from client 104A to 
server 106A. 

15 A limitation of conventional ATM routing is that if server 106A is not 

operational because of a failure, because of having been removed from service for 
routine maintenance or for some other reason, client 104A is typically unaware 
of this status of server 106A. If client 104A is not capable of selecting a new 
server, then client 104A may be unavailable to serve customers. That is, the gas 

20 pump credit card reader will be out of service, for example. 

If, on the other hand, client 104A is capable of selecting a new server, 
then client 104A may do so. However, time is wasted between determining that 
server 106A is unavailable and selecting the secondary server. In any event, 
client 104A may not know the individual ATM address for the secondary server. 
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Selecting a new server may also be complicated by the fact that typically 
client 104A does not have a view of the current conditions in the entire ATM 
network. Client 104A generally does not have access to the dynamic status of the 
network. Knowing the status and ATM address of a particular secondary server 
5 at any given point in time would require the client to maintain an up-to-date 

listing of all currently available servers and their addresses. Status information 
could be distributed to client 104 A, but this would increase the complexity and 
expense of client systems. Moreover, this distribution of the information would 
add to the load on ATM network 102. The extra load would diminish ATM 
1 0 network 102 's capacity to carry queries. 

IV. Functional Groups within an ATM Network 

According to the present invention, client 104A sends to ATM network 
102 a request for connection. The request for connection differs from a 
conventional request in that it specifies an address of a functional group of 
servers, rather than a particular individual server. ATM network 102 selects a 
server from the specified functional group and connects client 104A to that 
server. This is advantageous to client 104A because ATM network 102 has a 
better view of current network activity and status than client 104A. Accordingly, 
ATM network 102 can base a selection decision on factors not available to client 
104A, such as the current processing load carried by each server. The following 
section provides further details related to server selection and routing. 

According to the present invention, servers 106 are grouped according to 
the functions they perform. Each server 106 in a particular functional group must 
be able to service any request from a client 104 sent to the group. The present 
invention assumes that any operational server within a functional group may be 
selected to service a client query sent to that group. For example, several servers 
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may be grouped together to verify credit card purchases at gas pumps. Each 
server in the group must be able to process credit card queries sent to that group. 

Each functional group is assigned a unique ATM address. For example, 
a group of servers validating credit cards may be assigned an ATM address of 
0000.0000.0001. Similarly, a group of servers handling toll-free routing 
information may be assigned an ATM address of 0000.0000.0002. The ATM 
functional group addresses may be chosen arbitrarily and assigned at the 
convenience of an administrator of ATM network 102. 

Each server in a functional group is configured to respond to the ATM 
functional group address. A single server may be included within more than one 
functional groups, so long as that server is capable of servicing client queries sent 
to each of the groups. Servers may therefore respond to two or more ATM 
addresses: their individual ATM address, and the address of each functional 
group to which they belong. 

For example, referring to FIG. 2, suppose that server 106A has a device 
address of 0000.0000.0010, server 106B has a device address of 0000.0000.0020, 
and the functional group consisting of 106 A and 106B has a functional group 
address of 0000.0000.0030. According to the present invention, server 106A 
responds to the address 0000.0000.0010 as well as to the address 
0000.0000.0030. Likewise, server 106B responds to the address of 
0000.0000.0020 as well as to the address of 000.0000.0030. 



MCIRef: RIC-96-161 
SKGFRef: 1575.2470000 



-13- 



V. Operation of Multiple Destination Routing Controller 

The operation of multiple destination routing controller (MDRC) 206 will 
be now described with reference to FIG's 3 and 4. FIG. 3 is a block diagram 300 
depicting the various software components of MDRC 206: an interface module 
5 302, a routing module 304, a peer group leader module 308, and a server module 

310. FIG. 4 is a flowchart 400 depicting the steps performed by ATM network 
102, including MDRC 206, according to a preferred embodiment. 

In FIG. 3, each of these software components, or modules, represent a 
particular function performed by a computer under the control of computer 

1 0 software. Often the line between the functionality of one component and the next 

is arbitrarily drawn, and is described as such purely for purposes of convenience. 
For instance, a function described as being performed by server module 306 
might equivalently be performed by interface module 302 or routing module 304. 
Those skilled in the art will note the importance of the function described, not the 

15 arbitrary grouping of functionality into software modules. 

Those skilled in the art will recognize that creating software code based 
on the following functional descriptions is well within an ordinary level of skill. 
Those skilled in the art will also recognize that, depending upon the environment 
and the hardware used, different languages would be appropriate under different 
20 circumstances. Again, the choice of a particular language is well within the level 

of ordinary skill in the art. 



Interface module 302 handles all communications between the various 
other software modules, and all communications outside MDRC 206. Here, 
interface module 302 provides the interface for communicating with ATM switch 
25 202C. Interface module 302 is implemented as conventional input/output and 
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control routines. Interface module 302 is shown in FIG. 3 primarily for purposes 
of illustrative clarity-those skilled in the art will recognize that interface module 
302could have been omitted from FIG. 3, as these are functions performed by all 
software routines, and can be assumed to be part of any software implementation. 

Peer group leader module 308 causes ATM network 102 to elect MDRC 
206 as peer group leader. According to standard ATM technology, a peer group 
leader is elected for each peer group. This insures that all request for routing in 
that peer group are directed to MDRC 206. In a preferred embodiment, peer 
group leader module 308 arranges to win this election by broadcasting an 
artificially higher preference for MDRC 206. However, those skilled in the art 
will recognize that there are many alternate approaches to having MDRC 206 
elected peer group leader. 



Another alternate approach is to manually configure ATM network 102, 
assigning MDRC 206 as peer group leader. In this approach, peer group leader 
module 308 no longer is necessary to insure that MDRC 206 is elected peer group 
leader. However, those skilled in the art will recognize that other functions may 
still need to be performed according to ATM protocol, such as periodically 
broadcasting "keep-alive" packets to all members of the peer group. 

Referring now to FIG. 4, flowchart 400 illustrates the operation of ATM 
network 102 according to a preferred embodiment of the present invention, 
including the operation of MDRC 206. These steps will be described in the 
context of the example outlined above, where client 104A wishes to contact a 
server capable of providing a particular service, such as authorizing a credit card 
purchase. For purposes of this example, assume that servers 106A and 106B are 
included within a functional group which provides this service. Assume that 
client 104A has sent a request for connection to ATM switch 202A specifying 
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this functional group. Further assume that, prior to the request for connection 
being sent, peer group leader module 308 has caused MDRC 206 to be elected 
peer group leader of the peer group including ATM switches 202A, 202B, and 
202C. 

5 In step 404, ATM switch 202A receives a request for connection from 

client 104A, as mentioned above. Since the functional group address does not 
belong to any actual physical device, ATM switch 202A cannot itself determine 
a route to establish a virtual circuit. Following conventional procedures of PNNI, 
in step 406 ATM switch 202A sends a routing request to the peer group leader, 
10 which in this case is MDRC 206, requesting a route to the functional group 

address. 

Interface module 302 receives the routing request from ATM switch 
202A, via ATM switch 202C. As peer group leader, MDRC 208 must handle all 
PNNI routing requests from the peer group, both those specifying a functional 
15 group address, and those specifying a conventional ATM address. 

Routing module 304 determines routings through ATM network 102 
according to conventional ATM technology. For instance, routing module 304 
can determine a routing between client 104A and server 106A. When a routing 
request is received specifying a conventional ATM address, routing module 304 
20 determines an appropriate routing, and returns the routing to the requesting ATM 

switch 202, which then sets up a virtual circuit according to the routing. 

However, routing requests which specify a functional group address are 
handled differently. Server module 310 maintains a list of the servers assigned 
to each functional group, including each server's individual ATM address. In a 
25 preferred embodiment, the network administrator provides this list to server 
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module 310. Server module 310 also uses conventional techniques to 
automatically maintain this list by determining which of the servers are actually 
able to respond at any given moment. This list is updated periodically according 
to conventional techniques. 

5 In step 408, server module 310 consults the list of servers and selects a 

server to service client 104A from the functional group specified in the routing 
request (and in the request for connection). Server module 310 can make this 
selection based on a variety of criteria, depending upon the particular network 
environment. For instance, the server may be selected based on proximity to the 
10 requesting client, network load, available server capacity, or other application- 

specific factors. However, server module 310 will not select a server which is 
known to be unreachable. 

In step 410, routing module 304 determines a route through ATM network 
102, from client 104A to the server selected by server module 310, in this case 

15 server 106 A. Again, this is a conventional function of PNNI routing. Routing 

module 304 need not deviate from conventional ATM practice. The computed 
route takes the form of an ATM designated transit list (DTL). As is well known 
to those skilled in the art, this is a list of ATM switches and communication 
pathways over which the new virtual circuit should be routed. The DTL is a 

20 standard PNNI message, well known to those skilled in the art. Referring to FIG. 

2, an example route is from client 104A, through ATM switches 202A and 202B, 
to server 106A. 

In step 412, interface module 302 transmits the resulting route to ATM 
switch 202A as a DTL. In step 414, ATM switch 202A creates a virtual circuit 
25 through the route specified in the DTL. The request for connection will arrive at 

the selected server, server 106A, still bearing the ATM address of the functional 
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group. As stated above, according to the present invention each server must 
recognize its own ATM address as well as the ATM address of each functional 
group of which it is a part. 

Now that a virtual circuit is established, client 104 A may begin normal 
5 communications with server 106 A in a conventional client/server manner. 

It is important to note that the virtual circuit need not flow through 
multiple destination routing controller 206. According to conventional PNNI 
routing procedures, a DTL need not include the peer group leader within the 
chosen route. As a result, the peer group leader does not have to perform the 
10 functions of an ATM switch. MDRC 206 may therefore be implemented as a 

general purpose computer without the special capabilities of an ATM switch. 

VI. Implementation of Multiple Destination Routing Controller 

In a preferred embodiment, multiple destination routing controller 206 is 
implemented as a general purpose computer system, described in detail below. 

15 In an alternate embodiment, multiple destination routing controller 206 is 

implemented using a special purpose computer system. In still another 
embodiment, the functions of multiple destination routing controller 206 are 
integrated into a conventional ATM switch, such as ATM switch 202. Those 
skilled in the art will recognize the various tradeoffs associated with each 

20 particular implementation. 

Multiple destination routing controller 206 can be implemented using 
hardware, software, or a combination thereof and may be implemented as a 
computer system or other processing system. An example computer system 500 
is shown in FIG. 5. Computer system 500 includes a communication bus, such 
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as communication bus 502, and one or more processors, such as processor 504. 
Processor 504 is connected to communication bus 502. 

Computer system 500 also includes a main memory 506, preferably 
random access memory (RAM), and may also include a secondary memory 508. 
5 Secondary memory 508 may include, for example, a hard disk drive 510 and/or 

a removable storage device 512, representing a floppy disk drive, a magnetic tape 
drive, and optical disk drive, etc. Removable storage device 512 reads from 
and/or writes to a removable storage medium 514 in a well known manner. 
Removable storage medium 514 represents a floppy disk, magnetic tape, optical 
1 0 disk, etc., which is read from and written to by removable storage device 512. As 

will be appreciated, removable storage medium 514 includes a computer usable 
storage medium having stored therein computer software and/or data. 

In alternate embodiments, secondary memory 508 may include other 
similar means for allowing computer programs or other instructions to be 

15 loaded into computer system 500. Such means can include, for example, a 

removable storage unit 522 and an interface 520. Examples of such can include 
a program cartridge and cartridge interface (such as that found in video game 
devices), a removable memory chip (such as an EPROM or PROM) and 
associated socket, and other removable storage units 522 and interfaces 520 

20 which allow software and data to be transferred to computer system 500. 

Computer system 500 includes a communications interface 524. 
Communications interface 524 allows software and data to be transferred 
between computer system 500 and the ATM network 102. Examples of 
communications interface 524 can include a modem, a network interface (such 
25 as an Ethernet card), a communications port, a PCMCIA slot and card, etc. 

Software and data transferred via communications interface 524 are in the form 
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of signals which can be electronic, electromagnetic, optical or other signals 
capable of being received by communications interface 524. These signals are 
provided to communications interface via communications pathway 204. 

In this document, the terms "computer program medium" and 
5 "computer usable medium" are used to generally refer to media such as 

removable storage device 518 and hard disk installed in hard disk drive 510. 
These computer program products are means for providing software to 
computer system 500. 



In an alternate embodiment, the invention is implemented using 
10 computer programs (or software). Computer programs (also called computer 

control logic) are stored in main memory 506 and/or secondary memory 508. 

Computer programs can also be received via communications interface 524. 

Such computer programs, when executed, enable the computer system 500 to 

perform the features of the present invention as discussed herein. In particular, 
15 the computer programs, when executed, enable the processor 504 to perform 

the features of the present invention. Accordingly, such computer programs 

represent controllers of the computer system 500. 

In the embodiment where the invention is implemented using software, 
the software may be stored in a computer program product and loaded into 
20 computer system 500 using removable storage device 512, hard drive 510 or 

communications interface 524. The control logic (software), when executed by 
the processor 504, causes the processor 504 to perform the functions of the 
invention as described herein. 

In another embodiment, the invention is implemented primarily in 
25 hardware using, for example, hardware components such as application specific 
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integrated circuits (ASICs). Implementation of the hardware state machine so 
as to perform the functions described herein will be apparent to persons skilled 
in the relevant art(s). 

In yet another embodiment, the invention is implemented using a 
5 combination of both hardware and software. 

VII. Conclusion 

While the invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be made therein without 
10 departing from the spirit and scope of the invention. 
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